The purpose of this study was to investigate the effect of oral administration of manganese acetate on the kidneys and urinary bladder of Sprague-Dawley (SD) rats. Male and female SD rats (150 to 175 g), 6 weeks old, were administered varying doses of manganese acetate for 63 days by oral gavage. At the end of 63 days, 50% of the animals were sacrificed and kidney tissue was isolated and fixed for histopathological studies (study A). The remaining 50% were cross-mated and dosing ceased. Animals were sacrificed after 2 weeks (study B). Male treated animals were noted to have viscous, gritty urine in the urinary bladder, and the high-dose groups had urinary bladder stones (uroliths). Histopathologically, the most striking lesions were observed in the kidneys and prostate glands of male animals. Mild-to-moderate tubulointerstitial nephritis with tubular proteineous and glomerulosclerosis was observed in animals of all treatment groups. Urolithiasis in the urinary bladder was confirmed in 33% to 66% of treated animals. Female animals did not show a significant difference above controls in renal tissues. Results of this study suggest that male rats are more sensitive to the effects of high levels of manganese given orally than female rats and that the genitourinary structures represent target organs of toxicity.
and Sakamoto 1992). Developmental and fetotoxic effects have also been demonstrated (Sanchez et al. 1993; Colomina et al. 1996) . Finally, manganese has been shown to effect reproduction (Webster and Valois 1987) and decrease fertility, especially in male rats (Laskey et al. 1982 (Laskey et al. , 1985 .
The kidneys are a major organ of the site-specific toxicity because of their unique role in filtration, metabolism, and excretion of xenobiotics. On exposure to manganese, no significant change in the histopathology of the renal tissue was noted in rodents (Gray and Laskey 1980; Hejtmancik, Peters, and Toft 1987) . On the contrary, a study by National Toxicology Program (NTP) (1992) , revealed chronic progressive nephropathy in male rats fed 200 mg mn/kg/day as MnSO 4 for 2 years. This study describes an increased severity and incidence of renal disease in rats orally exposed to manganese acetate.
MATERIAL AND METHODS
Male and female Sprague-Dawley rats (153 to 175 g), approximately 6 weeks old, were obtained from Harlan Sprague-Dawley (Indianapolis, IN) . Males and females were housed separately in stainless steel, wire-bottom cages. The animals were fed Purina Rodent Chow and filtered tap water, ad libitum. After a 2-week acclimation period in an animal room with a 12-hour light/12-hour dark cycle, at 22C • ± 3 • C, and a relative humidity of 30% to 70%, animals were randomly divided into five treatment groups of 12 animals each. The groups consisted of a vehicle-control group (distilled water) and four manganese dosage groups of 306, 612, 1225, and 1838 mg/kg manganese in distilled water. The manganese concentrations were determined based on the mortality and clinical signs of toxicity in the initial dose-range studies. Animals were dosed daily for 63 days at approximately the same time of day via oral gavage. At the end of 63 days, 50% (six) of the animals were sacrificed and the other six were cross-mated. The experimental design of dosing for 63 days assures epididymal sperms had been exposed to manganese through their differentiation from spermatogonia. Results of the cross-mating trials are presented elsewhere. Manganese treatment was discontinued at this point. Fifty percent of animals sacrificed were necropsied and the tissues were fixed (study A). At the end of 2 weeks, after cross-mating, the other 50% (six) of the animals were sacrificed and necropsied (study B).
Necropsy
Animals were euthanized in a closed chamber using CO 2 gas. A ventral midline celiotomy incision was made and the abdominal organs were evaluated in situ. Right and left kidneys were carefully isolated, weighed, and immediately placed in 10% neutral-buffered formalin (NBF) (Fisher Scientific) for at least 24 hours.
Histopathology
Samples were processed on a 12-hour cycle on an automatic tissue processor using standard reagents. Processed samples were embedded in paraffin wax (Paraplast, Surgipath), microtomized at 5 µm and stained with hematoxylin and eosin (H&E). Slides were read (blindly) using a light microscope (Olympus BX40) by random number. Results were compiled according to actual animal number after all animal tissues in the study were evaluated.
RESULTS
At necropsy, male animals were noted to have viscous, gritty urine in the urinary bladder, and in high-dose groups, some had urinary bladder stones (uroliths). Proliferative masses associated with genitourinary structures were found in 66% of male rats from the 1838-mg/kg group (Figures 1 and 2) . Male animals had more severe changes in the urinary tract than did the females.
Interstitial nephritis (IN), or tubulointerstitial nephritis (TIN), refers to inflammation of the kidney with specific damage to renal tubules. In this disorder, there is degeneration, loss, and regeneration of renal tubules accompanied by infiltration of inflammatory cells, notably lymphocytes and macrophages. Protein accumulation within tubules is often characteristic and indicates excessive protein loss at the level of the glomerulus or decreased ability of tubular epithelial cells to reuptake protein. This is associated clinically with the development of proteinuria. In some animals, glomerulosclerosis (GS), or scarring of glomeruli, and glomerulonephritis (GN), or inflammation of the glomeruli, may accompany or lead to interstitial nephritis. (Tables 1 and 2) In our studies, three patterns of renal disease were noted, the changes occurred bilaterally. The most commonly noted changes were minimal to moderate, multifocal, lymphoplasmatic, and histiocytic tubulointerstitial nephritis. This was characterized by the infiltration of lymphocytes, macrophages, and plasma cells in the renal interstitium. These cells usually surrounded and sometimes effaced tubules, which were in various stages of A second finding was that of mild to marked tubular protein nephropathy. Many of the affected tubules contained variable amounts of proteineous fluid, and the epithelial cells lining the tubules sometimes contained large numbers of protein droplets within their cytoplasm (hyaline droplet nephropathy). Some tubules were markedly distended to such an extent that the tubular lining epithelial cells were flattened, and the bulging tubules compressed surrounding structures (cystic dilation). The protein-containing and cystic tubules occurred in all levels of the kidney (cortex to medulla). Proximal and distal convoluted tubules were predominantly affected, although groups of collecting tubules often contained protein. Occasionally, some animals had mild materialization of tubular epithelial cells.
Male Urinary Tract
A third pattern of renal disease was noted in treated animals but not in control male animals. Mild to moderately severe, multifocal glomerulosclerosis and/or glomerulonephritis was seen. This change occurred in a small percentage (5% to 30%) of glomeruli, and was characterized by periglomerular fibrosis, proliferation of the parietal cells of Bowman's capsule, thickening of the periglomerular basement membrane, and occasional sclerosis and atrophy of glomerular tufts. Atrophic glomerular 0  3 3  3 3  0  0  306  33  33  33  0  612  66  66  33  33  1225  100  100  50  50  1838  100  100  100  33 Note. Study B: Male urinary tract pathology. Percentage of animals affected. Tpro = tubular protein nephropathy; TIN = tubulointerstitial nephritis; GS/GN = glomerulosclerosis/glomerulonephritis.
FIGURE 1
Upper photomicrograph shows normal tubules in control male rat, the lower photos show protein-dilated tubules in high-dose treated male rat. capillary tufts were sometimes associated with cystic dilation of Bowman's space. Those animals with glomerulonephritis sometimes had concurrent tubulointerstitial nephritis and/or degenerative tubulonephropathy with hyaline droplet degeneration and tubular ectasia (dilation). The glomerulonephritis was characterized by hypercellularity of glomerular capillary tufts, multifocal adhesion of the tufts to the parietal wall of the Bowman's capsule, and arborization of glomerular tufts. All characteristics were not present in each case. Few to moderate numbers of affected glomeruli had hyperplasia, hypertrophy, or metaplasia of parietal cells of the Bowman's capsule. Metaplastic changes included development of simple cubodial ciliated epithelium similar to proximal convoluted tubule epithelium. Mild cystitis (inflammation of the urinary bladder) was present in one treated male from study A. Proteineous material was noted in the lumen of the urinary bladder of several animals, especially in the treated groups of both studies. This correlated with the tubular proteineous substances observed in the kidneys of most affected animals.
In general, urinary tract abnormalities were more striking in male animals than in females. Moreover, control animals revealed mild to moderate tubular nephropathy, but a greater frequency and severity of tubular and interstitial changes were seen in treated rats. Glomerular changes were only noted in the treated rats. Finally, there was an overall decrease in the incidence of kidney lesions in animals of the study B group. This may have resulted from withdrawal of the treatment during mating period. (Tables 3 and 4) Females had similar findings as described above for males; however, the lesions were much less severe in the female animals, as compared to the males of corresponding treatment groups. No specific pattern of development of renal disease due to manganese exposure was evident in any of the dose groups. There did seem to be an overall decrease in the incidence of renal 
Female Urinary Tract

DISCUSSION
Mild renal tubular nephropathy and proteinuria was observed in all groups, including controls. Although the occurrence of nephropathy in control rats is more prevalent in older (2 years of age and older) rats, a mild form is sometimes found in younger rats. Increased spontaneous renal disease in Sprague-Dawley rats has been reported by other investigators (Petersen et al. 1996) . Manganese exposure was associated with a mild-tomoderate increase in the severity of rat nephropathy and renal alterations in male animals. The renal toxicity of several chemicals has been shown to be sex dependent in rats and in most cases related to α 2µ -globulin, a rat specific protein. A previous report by Rodgers and Baetcke (1993) indicate that humans appear to be more like other laboratory animals than like the male rat, and therefore, the male rat is not a good model in assessing human risk. Our studies demonstrating that manganese produces nonspecific effects on renal and urinary pathology further confirm this observation, suggesting that the male rat may confound data relating the assessment to human risk. Previous oral studies in animals by other investigators revealed no significant renal histopathological changes in rats or mice in the manganese study (Gray and Laskey 1980; Hejtmancik, Peters, and Toft 1987) . The studies by NTP (1992) revealed chronic progressive nephropathy in male rats fed 200 mg Mn/kg/day as MnSO 4 for 2 years. In our study, treated male rats developed more severe renal disease than male controls, female controls, or treated female rats, indicating a greater sensitivity in treated male animals. The mechanism for the manganese-induced lesions in these animals was not clear. Numerous causes and various mechanisms of glomerular disease and interstitial nephritis have been identified in rats (Eddy 1994; Yamate et al. 1996) . Mechanisms leading to glomerulosclerosis, glomerulonephritis, tubular/ protein nephropathy, proteinuria, and urolithiasis in these animals warrants further study.
